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FOREWORD

This report describes the results of a Study performed for the Air Force Avionics
Laboratory by the Electronic Systems Division of the Harris Corporation under Contract
F33615-73-C-1172, under Task 01, Work Unit 07, of Project 2003. Mr. Mark Thullen,
Major James Riley, Dr. Michael O'Connor, and Mr. John Camp have served as Project
Engineers for the Avionics Laboratory. The work was performed during the period 3 April
1973 through 11 June 1976, under the direction of Brian E. Mcintosh and Jaime A. Gracia,
Program Managers for the Harris Corporation. This report was submitted by the authors in
June 1976.

The test case and related workload used during the simulator design phase were
derived entirely from the DAIS Design Study (Contract F33615-74-C-1023 and Texas
Instruments P.O. W776522). This was made possible by a fluid interleaving of study per-
sonnel who understood the requirements and therefore made a more effective contribution
to both programs.

A related effort which was under way at the time of the report, IDAMST
Software Specification (Contract F33615-76-C-1099, Boeing Company P.O. G-918746~
9178), was using MUXSIM to derive results. It represents the start of the MUXSIM
operational application.

The authors wish to acknowledge the significant contribution to the program
of Messrs. Bryant P. Bames, William M. Gulledge, Williom M. Hirt, Ronald M. Huhn,
Brian E. Mclntosh, and Irvin B. Slayton of Harris ESD, Dr. Donald Moon formerly of
Harris ESD, Dr. Michael O'Connor, Capt. Fredrick Pensworth, Major James Riley, and
Mr. Mark Thullen of the Air Force Avionics Laboratory .
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SECTION |

INTRODUCTION

The MUASIN effert is primarily documented by this report, plus tvo other
docia ote the MUXSIM User's Manual (ref. 1) and the MUXSIM System Modification

o [hewal (=ef. 2) References | and 2 provide details of how to use cad how
te MIUXSTM ‘esner‘ﬂveiy Only summaries of this kind of information are
included herein. T 'm n body of this report is directed to present a broad cvervicw
ol the entire ciforr, with emohasis on highlights. However, a consideroble amount of

detci! on design s;ec.’i"‘-c history, raticncle, etc. will be found in the appendices fo

this cocumeni.
The effort was divided into four phases:
Phase | - Definition
hase 1= Design

Phase |11

- implementation

(5]

0

-

Q

&
3

<
i

Operational Evaluation Database

t results and particulars of the first three phases are contained
Report and in Aopendfccs A and B. The fourth phase wos part of o

' ccumented in a Technical Report, "Data Summary fer

: '1‘ Baseline Avienic Suite,” dated 17 February 1976 (ref. 9). Additional details

may ba found in the MUXSIM Technical Notes and Interim Reports cited in Appendix €.

MUXSIM was developed to ill ihe gap between manual analys's =nd

breadboard "';'mi::w-s in the design of compiex multiplex systems. It is basicaily a
computer-aided dasign tool intended especially for simulation of muitiplex system:.

As such, it enables tne multiplex system desicner fo reduce the time required fo arrive
af an optima! design, and enobles him to debug his designs at an early stage fo reduce
the likelihood of costiy hardware redesign efforts in the lqte stages of the development.

MUXSIM is not intended to replace all other existing tools of the muitiplex

system designer; rather, it is intended fo supplement and complement them. Iis main
purpose may be stated succinctly as follows:

“To help in answering that set of multiplex system designer’s "what if* type
questions which are cifficult or impractical to answer accurate', by other mecns ond fo

do o in a cost-effec ive monner.”

i
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Among the critical MUXSIM design decisions were the following:

° Decision to focus MUXSIM on questions asked during the earlier
phases of a typical multiplex system design effort (for maximum
cost-effectiveness)

. Decision to focus MUXSIM on questions relating to the multiplex
system architecture and organizational levels rather than on detail
levels such as the elecirical design of the bus (for maximum

cost-effectiveness)
® Decision to make MUXSIM interactive (for ease of use)
® Decision to make MUXSIM Fortran-based (for ease of development,

ease of modification, and "portability”)

° Decision to use GASP as a vehicle for implementing dynamic
MUXSIM models (for ease of development, and generality)

0 Decision to emphasize the utility subsystem and the development of
real workloads for driving MUXSIM models (for credibility of resuits
and realism)

® Decision to make MUXSIM highly modular (for ease of development
and flexibility)

The design of MUXSIM utilized mainly a top-down approach, with emphasis
on modularity; however, in certain instances, a probe-coding (software breadboard) ap-
proach was used for sizing and feasibility studies. The rationale for all of the MUXSIM
direction and tradeoff decisions is contained in this report.

Although the MUXSIM design and implementation effort has included many

evaluations at different design levels, there has been limited time available for an
g operational evaluation of the completed package as a whole. However, several sample
simulation experiments were performed as part of the MUXSIM verification effort which

are thought to be typical of those which might be performed by @ multiplex system designer.
Z The results of these experiments, together with computer resources and user steps required
P - for their execution, are covered in the report. They tend to indicate, but no* to prove,
P . the cost~effectiveness of MUXSIM,

In addition to MUXSIM's primary role as an analysis tool for use in early
stages of the multiplex system design process, several MUXSIM outputs are directly useful
in later stages also. In fact, some of these outputs can be used directly either as initic|
production aids or in facilitating modifications fo production systems, such as mght be

- T p———— iy
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required when chonging or augimenting tie avionics suite for an aircraft. For example
certain outputs aid in manufacturing operctions, while others aid in multiplex system
software development. Specific examples of MUXSIM benefits of different types are

included in the soay of the repoit.

From o fur ."omf or user's point of view, MUXSIM is an extensiblie sortware
simcict o ackage which is primarily intended as a tool for the multiplex system desianer.
tis prose oy iplemented on the AFAL DEC System~-10 under the TOPS-10 cperoting
systern, There, it rune interactively for maximum ease of use by the MUXSIM Basic Use-.
Heevor, bacanse MUXSIM is a Fortran-based package, it is quite easily moved from =ne
rost systern lo enother if the intended new host sysiem has s Fortran compiler and @ suifclle
disk operating svstem. A batch version of MUXSIM is also currently operational on the

crris Latacrart 6024/ system. This version exists because it was convenient o deveiop
,,<.S|M by implementing and debugging it first on the Datacraft, followed by transfer
to yne AFAL DEC System~10 on @ module-by-module basis

From a logical or software implementer's point of view, MUXSIM consists of
four major JuLt,*r me, termed the Utility, Static, Dynamic, and Executive, respectively.
[he Urility subsystem is essentially a date base management system for MUXSIM, where
the data buse consisis of one or more signai flow lists which characterize the information
transfer workloud o be accomplished by the multipiex system being simulated. The Stoiic
subsystem consists of the RT assign work map, message map, fixed format scheduling -
fixed format bus ioading computation. It consists of eight models which represent ¢

lifferent configurations of word/message mapping. This subsystem is called “staric” pe ouie
stochastic evenis are not explicitly considered, and because dynamic handling of ;nm':ir:,g i
time fs not required. Thus, the Static subsysiem comprises mainly "steady-state"” models
of g multiplex systern. The Dynamic subsystem consists of two models which are called

T E51§ =

(73
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dynemic” because stochastic events characterizing such phenomena as multiplex system
comnonent faijures, bus noise, and time-variable data fransfer requirements are explizitly
considered. This system is quite generci, because it incorporates a complete discralc
cvent end continuous simulation package called GASP IV as a component. Both Static
and Dynomic subsystems are designed using a modular concept which allows new model:

‘o be easily added by the Advanced User of MUXSIM. The Executive subsystem orovices
ihe interface between the user and the other three subsystems; in addition, it provides
comching features for maximum ease of use in an interactive environment, The cocching !
laatures are omitted in the Harris batch version of MUXSIM. |

From an operational or computer center manager's point of view, N‘QXS‘. A .
is a fairly large software package which requires substantial computer resources for sioic e ;
and operation, Physically, it consists of about 11,700 Fortran sictements (9,500 Fcu'
MUXSIM's four subsystems and 2,200 for GASP). It is used in conjunction with 10,700
cards which describe the signal flow list for the A-7D aircrafi. This sigral flow list
comprises the primary workload for the current version of MUXSIM; it describes aoou
2650 signals which characterize the information transfer requirements for a foirly complex
aircraft. This workload was generated on DAIS Design Study . Another signai flow I's:
for MUXSIM, called IDAMST (Integrated Digital Avionics for Medium STOL Tran:
was developed by Harris as an extension of this contract. The IDAMST workload contain:
about 2200 signals and consists of 8200 cards.

)




MUXSIM is designed for ease of use but, like any other tool, it con be em-
ployed to best cdvantage by those with appropriate background and training. It is assumed
that the MUXSIM Basic User has some knowledge of multiplex system design; such a person
can realize useful results from MUXSIM with very little training in the operation of MUX-
SIM itself. However, for more sophisticated exercises, the Advanced User requires some
specific training in MUXSIM and its components. For example, to create new static mod-
els he needs some knowledge of Fortran; and to create new dynamic models, he must famil-
iarize himself with details of GASP. In short, although MUXSIM is designed to be easy
to use, it is not fully automatic - it requires a good humen driver. Furthermore, although
MUXSIM may be modified or transferred to another host system with relative ease (i.e.,
it is "portable"), these operations also require somz special knowledge. References i
and 2 contain the information needed for any advonced use or modification of MUXSIM.

Regarding the future, MUXSIM has been enhanced by addition of another signal
flow list {IDAMST, mentioned previously). Harris believes that operational usage will pro-
vide the best possible source of feedback on MUXSIM enhancement or modification require-
ments. In addition, the Harris MUXSIM implementation and verification efforts to date have
already revealed a number of desirable improvement or enhancement areas. These are
identified in the report.

In summary, this report gives an overview of the What, When, Why, and
How of a multiplex system development and analysis tool called MUXSIM. In view of the
continuing importance of multiplex systems in aircraft avionics systems design, there are many
present opportunities for such use. Significant improvements and enhancements to MUXSIM
now appear to be possible, but Harris believes that their specifics are best determined by
feedback from actual operational use. [n other words, Harris believes that future MUXSIM
changes should be mostly evolutionary; it is so designed as to accommodate such changes with
minimal cost.

In conclusion, MUXSIM has been developed and implemented ofter a careful
design study by a team thoroughly familiar with the multiplex system design process. it
is a simulation too!l intended to enhance the capabilities of the muitiplex system designer;
it is not, however, intended to replace either him or his other tools. MUXSIM works, it
is easy to use, and it is not excessively expensive to operate. Harris believes that MUXSIM
is now ready for operational evaluation. Such an evaluation should show that it is cost-
effective, and that it will lead to substantial development cost savings and reduced develop-
ment cycle times for future aircraft multipiex systems.

The remainder of this report is organized into seven major sections, the
contents of which ore summarized below.

Section I (MUXSIM Purpose) deals with the motivation behind development
of the system.




Section 1l (MUXSIM Description) is concerned with what MUXSIM s,
Descriptions are provided from the functional, the logical, and the operational viewpoints.

Section 1V (MUXSIM Benefits) is an attempt to answer the question "How
valuable is MUXSIM?" in addition to a general value assessment, the section contains

results of four specific simulation experiments which were conducted during the course
of MUXSIM verification.

Section V (MUXSIM Use) discusses the general circumstances of MUXSIM
use; i.e., the background requirements placed on the user, how the interactive features
simplify use, typical use techniques, efc. Also coverad are typical use costs, as reflected
by the computer resource requirements for the conduct of the four simulation experiments
mentioned above. MUXSIM use is not covered in great detail, because a comprehensive
MUXSIM User's Manual exists which is solely devoted fo that purpose.

Section VI (MUXSIM Medification) is concerned with how MUXSIM may be
modified and/or moved from one host sysiem to another. Again, this subject is not treated
in great detail because o seperate MUXSIM System Modification Design Data Manual
has been created for that purpose.

Section Vil (MUXSIM History) summarizes the development of MUXSIM
from the initial concept, through design and development, to implementation and verifi-
cation. Section Vil addresses the question, "Where did MUXSIM come from?". Supple-
mentary detail for the three phases of the effort is provided in Appendixes A and B, while
an index to all technica! notes, interim reports, etc. developed during the course of the
MUXSIM effort is provided in Appendix C and in the Bibliography .

Section VIl (MUXSIM Future) deals with the question "Where is MUXSIM
going?" i covers possible extensions fo and improvements of MUXSIM, together with
recommendations on methodologies for MUXSIM enhancement, as well as identification
of some specific areas where further development now seems desirable.

Finally, Section IX is @ summary of the report, plus its conciusions and
recommendations.
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SECTION 1

MUXSIM PURPOSE

Aii simulaturs used as design tools basicolly enswer "what if" tyze: of qu
licn, v ch are posed either indirectly or directly. For exampie, a sinwlation run
typic u“’, consititufes rurt or all of o simulction experiment which is performed cither o5
sart of a trade-off study or as part of a design verification exercise, In the former o

designar moy wish to know which of severa! multiplex system design schemes lecc
the best perro manca: for a given information transfer workicod, Here his question is
"Whai is P (performance) for a specified X (design alternative), given W (workicad plus
ciher aspects of the working environment)?" In the latter case his question is similar, Sus
he may wish to assure himself that the design performs odequcfei/ over a range of work-
ioads. Then the question becomes: "What is P (performance) for a specified W (worklocd
given X (a design alternative)?

The results of several specific simulation experiments of the type that con
easily be run using MUXSIM cre given in Section IV of this report, therelore such defaiis
wili not be discussed here., Presently, the point to be made is thot the inifial version of
MUXSIM was deliberately restricted in scope so as fo easily and efficiently hantle <
predefined classes of a multiplex system designer's questions, but not all possibie |

able questions that he might ask. This preliminary scoping wes @ primary ouiout of |
MUXSIM definition study, and is the key to MUXSIM's presen* "'*s*-w‘-'ﬂ veness,

Examples of the questions to which MUXSIM is directly applicable are:

e How many remnte terminals are required for o given information fransier
workload?

o What is the optimum bus protoco! for use in a typical fighter aire
interior multiplex system?

s  What is the bus loading associated with the parficular bus command cic
control scheme?

o What is the minimum safe data bus speed for a given infarmetion tran
workload and bus command and control discipline, or how fast must fae
data bus be ?

e  What is the impact on bus loading resulting from the cddition of se.eral
new avionics subsystems to the bus?

o What are the quantitative ocvomuge, of o particular multi rwex system
redundancy manogement scheme, given o certain EMI bus noise and
multiplex subsystem faiiure environment?

e  What is the impact on bus controller pe“*ormcr.ce requirements of in=
creasing information transfer workioad for o fixed bus speec '

7
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e What is the probability of lost or erroneous data for a particular redun~
dancy design and given noise and failure environments?

e What is the impact on bus loading of a doubling of sample rates for a
certain set of bus quantities?

Among the questions for which MUXSIM is usually either not applicable or only indirectly
applicable are:

e What is the maximum permissible length of the bus for a given bus
technology ?

e What is the bit error rcte for a given bus system design and noise en-
vironment ?

e What is the point at which, from a life cycle cost standpoint, the multi-
plex system becomes more cost-effective than a hardwired system?

To summarize, MUXSIM is designed to be directly applicable to a set of
multiplex system designer's "what if"? questions that cannot be readily answered by
other available means. The version of MUXSIM that has been implemented is now di-
rectly applicable to a considerable number of such questions; and because of MUXSIM's
modular architecture, it is readily extensible to cover a still broader domain of questions.
The scoping issue is the key to MUXSIM's cost-effectiveness. In contrast, the lack of
suitable scoping has been the key to failure of many simulators in the past. Because it is
often possible to simulate systems at any desired level of detail, it is not unusual for a
simulator designer to attempt to simulate "the universe™; and if he attempts to do so, the
resulting simulator is likely to be very expensive to construct, very difficult to use, and
excessively expensive to run. MUXSIM was deliberately designed to avoid this common
problem.




SECTION i1l

MUXSimM DESCRIPTION

e

INTRODUCTION

in this section, summary descriptions of MUXSIM are given from thrce poinis
of view: namely, th> functional, the logical, and the operotionc!. These vizwpoints
ars intended fc reflect the interests of the multiplex system desigrer, the MUXSIM imnie-
menter, and the MUXSIM operator, respectively. The descriptions are only summaries

: Lecruse, as was noted in the introduction, details of MUXSIM descriptions from various
/iewpoinis are provided in the MUXSIM User’s Manual, in the MUXSIM System Mocifi-
cotion Design Data Manual, and in the Appendixes to this report.

¥ FUNCTIONAL VIEW |

.t Geneml

The functional view is MUXSIM as seen by its intendec primary user,
who is a multiplex system designer. He is inferested in such questions as “When shoui” .
use i*2" and "How do | use it?"; and he sees it mainiy os an analysis tool, Specifi
it is a tool called ¢ "discrete event software simulator”; and itke most simulatois inie =4
for use in design applications, it helps to srovide enswers fo a designer's "whet if fype
questions. Through its use, he is able to get faster and more accurate cnswers to a certain
set of design questions than would have been possible without it, As has been mentioned
earlier, MUXSIM is not intended to replace all of the designer's rocls; rather, if replaces
some and complements others. Althcugh MUXSIM fills the gap between manua! analysis
and breadboarding techniques . it totally repiaces neither. !f was not intended o be,
. and is not, a universal analysis tool. However, because of its mocular design and for
: ; other reasons, MUXSIM is highly flexibie; i* can therefore be easily modifiea and/or
enhanced to perform onalysis tasks which are not directly performable with MUXSIM ac
ispresently implemented.

A

-
3B A top-ievel view of MUXSIM as seen by ifs user is given in Figure 1. This
3 figure is @ revised ou tput of the MUXSIM definition phase®, and shows more than was
b 17 actually scopad for inplementation. However, that which was implemented is compatibie
ot with this figure, whi'e that which was nct implemented continues to be (potentialiy)
desirable; therefore ihe figure can be regarded as both a conceptual leve! descripticr o
5 that which MUXSIM now is, and a blueprint for that which MUXSIM miight become in
’: the future.
.a);.'
£

*See Reference 5 and Appendix A of this report
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Briefly, a system designer wishing to use simulation as an anclysis tocl must
somehow provide inputs which describe at least three types of simulation in part. These

are:

® tnputs which deseribe the system being simulated, or system models;

o fapurs which describe the inputs to the simulated system, or model
workioads;

inouts which describe the desired selection and form simularion
ouiruls and simulator run modes.

Y

The ease of use of a simulator can be measured by how easily the designer
mey specify such things as those listed. !n Figure 2, these three types are called “system
description inputs”, "workicad description inputs”, and "simulation contro! inpuis",
respactively. They may be specified at many possible levels; four particular ievels are
shown in the figure. However, for the present version of MUXSIM, inputs are specified
ot Level 1. The other input levels, although usable, generally require significant manual
effort. Also, there are three defined categories of simulator outputs shown in the figure,
cailed "funcrional”, "sperational”, and "other", For the present version of MUXSIM,
most outpufs are in categories 1 ond Z, consistent with the simulator focus on the "systei.”
or "big picture" class of designer guestions.

he interested reader will find a fuil description of Figure 1 in Appendix A,
ated here. The present implementaiion and
2 igure 1 is as summarized in Tcble |.
1 hove been either partiaily or

il

1 = o o el by o . Y

therefore such detail need nor be rep
'
i

2 - ~ L r .
status for the 13 numbered functiona
There it moy be seen that of the 13 blocks identified, 1

A
i

completely built, while two were
b. System Users

At this point, it is convenient to define two types of MUX SIM users,
imely, the Basic User and the Advanced User. MUXSIM is designed to be easy for th>
can do with it. MUXSIM can be put to @ much
sroader range of uses by the Advanced User, but he must be quite familiar with details
of MUXSIM structure and other software items. We next consider these fwo 'ypes separately,

(9 ! § s X2 -+ i s i $+ 1
former to use, out he is timired 1n wnat ne
}'L

Basic User first.
(1) Basic User

The Basic User normally selects @ multiplex system model from o
librry of prepared models. (See Figure 1, Block 5, Factor Library.) He also selects a
desired workload from the workload library and the outputs he wishes fo see, ond ther
sats the simulator into execution. In doing the above, he is substantially aided by the
Cxecutive subsystem which controls the interactions of the other subsystems, und whi

N




Block Number

Table 1. MUXSIM CONCEPTUAL HOST IMPLEMENTATION SYSTEM

Block Name

Implementation Status

Relevant
MUXSIM Subsystem

1

2

i

12

13

Operator Controls
Vehicle Selection
Avionics System
Listing

Prediction and
Growth Modifiers

Factor Library

Signal Flow Listing

Workload

Configuration,
Sequencing and
Control
Redundancy
Configuration and
Error/Failure Status
Workload Library

Simulcation

Outputs

Opergtor
Presentation

Impiemented

Not Yet Implemented,
Need More Data
Pariially Implemented
Not Implemented, Need

Historical Data

Partially Implemented

Partially Implemented

Implemented

Implemented

implemented

Partially Implemented

Implemented

Implemented

Implemented

12

Executive

Executive Subsystem,
Static Subsystems

e Modeis SA, SB, SC,
SD, SE, SF, 5G, SH

Dynamic Subsystem
e Models DA, DB

Utility Subsystem,
A-7D Data Bose

Utility Subsystem,
Executive Subsystem

Executive, Static

Executive, Dynamic

Utility, Executive

Executive, Utility,
Static, Dynamic

Executive

Executive

e ——
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¢ user what models are ovqxiubm, what

also ki o Yceaching” mode which tells ihe basi
nputs need to be suppiied, elc. {in addition, the Basic User may mo odify an existing
workisad or defire a new cne, details concerning the occom mxshmenf of whxcn will

Je found in the MUXSIM Usec's Manual {which is ,Jnmcruy intended for the Basic User),
Presently availabie to the Bosic Usar are eight "siaiic” mocels, two "dynamic” models,

and ane Pworkloed". Lo Figure 1, the "siatic” models ore shown as 5A, SB ..., SH; the
"dynomic' aore DA and DB, and "workload® is the signal flow list for ihe A=7D aircraft.
The ud et ives "storic" end "dynamic” were selected as terminology for rrodmr hecause
the former represert @ <;a<s of models for which the dynamic mancgemer simulated

sime is not required (i.e., items that are “steady state”}, while the latter represent a
class in which dyramic ':C':'occ#"mﬁ'nf of simulated rime is required. in general, dynamic
models deal with stochastic evants which occur at specific but unpredictable times, onc

wkich require specific sysiem behavior in consequence of fheir occurence.

e Advanced User of MUXSIM hos aveilable to him ol! of the
fazilities availabie to he Basx User; in addition, he can modify existing mcdels, add
new models, and otherwise modify MUXSIM as he sees fit. Because '\AUXSIM is of mod-
ularized design and cuded in Fortran and GASP, these additional tasks are not very diffi-
cult fo perform. However, more detalled knowledge of MUXSIM impiementaiion is re-
quired of the Advanced User if he wishes to perform these tasks, This information i >
able in the previously m{'rzrermed MU)\biM System Modification Design Dafe Manuai.
in addition to nroviding informa*ion to the Advanced User of MUXSIM, the referenced
monual, also provides informaiion needed o make substontial MUXSIM enchcnc.emen.q,
siem (the DEC Systern=10) to another host

or to move MUXSIM fram ifs present i‘-csi g
system. Becouse such o transfer is not difficult ro perform, MUXSIM issaid to be "porfable ,©

in summary, the functionel view of MUXSIM consists of MUXSIM as seen by

its primary user, who is assumed to be a muiti P lex system desigrer. Such a person will
typically use MUXSIM to answer "big piciure” or systems=ievel fypes of questions. The
answers he secks are normelly whether or not the system being simulaiad works at all, and
'f i+ does work, how wall., The Basic User of MUKXSIM uses it in unmodified form, except
that he may change normcnds, his primary reference manual is the MUXSIM User's Manual.
The Advanced 'Jsm of MUXSIM may modify the system, alter oid models, add new ones,
change outputs, etc., os he sees fit, His primary refersnice monual is the MUXSIM System
Modification Design Date Menual. He may also require Fortran, GASP, cmd/or TOPS=1U
-eference menuals, depending on the particuiar changes or enhancements he wishes to

make .




3. LOGICAL VIEW

The logical view of MUXSIM is that seen by the MUXSIM implementer. He
is typically interested in such questions as ~ "How do | build it?", "How is it built?",
"How do | verify it?". Such an implementer sees mainly software structure; and his view
of this structure may be at high or low levels depending on whether he is mainly a software
architect or mainly a coder.

The primary document which provides this view of MUXSIM is the MUXSIM
System Modification Design Date Manual. This manuci contains, in addition to flow

charts and program listings, the functiona! specifications that MUXSIM realizes.

From this logical viewpoint, MUXSIM consists of a hierarchy of named
software entities, as below:

° System ~ the whoie of MUXSIM

° Subsystem - 1 of 4 major components of the system; namely, the
Executive, Utility, Static, and Dynamic

® Program - 1 of several major components of a subsystem
° Subprogram - 1 of several major components of a program

e Subroutine, or Module ~ 1 of several major components of a subprogram

In addition to these components, the MUXSIM implementer sees internal
MUXSIM interfaces as well as external interfaces (e.g., interface between MUXSIM and
its users, and interfaces between MUXSIM and the operating system of its host computer
system). To simp(ify MUXSIM development and verification, and to increase fiexibiliry,
modules have been kept small, with interfaces that are as clean as possible. Also, ‘o
keep MUXSIM as small as possible (in terms of number of lines of source code), modules
are generalized and shared as much as possibie. To make MUXSIM easy to use, consid~
erable effort has been spent on the user interface; and to reduce MUXSIM development
costs, considerable use has been made of the DEC System-10 operating system (TOPS-10).
Some of the MUXSIM components are reentrant, while others are not; this is because
there was no initial requirement that MUXSIM be usable by more than one user ¢t @ time.

4, OPERATIONAL VIEW

The operational view of MUXSIM is that view seen by the MUXSIM operator or
by its host computer center manager. His typicai questions are: "How do | get MUXSIM
running on my system?", "How much of the computer resources are tied up by it? (disk
space, core space, CPU time, etc.)", "How should | charge for its use?", and "How
do | store iton the system?".

14
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hysically, MUXSIM is toteily described by aboui 11,700 cards, as foliows:

@ MUXSIM
- Executive Subsystem, 1840 cards
- Utility Subsystem, 2745 cards
Static Subsystem, 3660 cards
Cynamic Subsystem, 1245 cards
© GASP, 2200 cards

The A=7D data base which was used in the deveiopment of MUXSIM is
10,700 cards.

For reasons of economy, it may be best to store MUXSIM on magnetic tape.
in this form, a 1200-foot reel of 800~bpi magnetic tape is sufficient for the job; if stored
in punched card form, about six boxes of cards are needed. After compilationand link on
the DEC System=-10, MUXSIM consists of about 510 blocks of object code which will

normally be kept resident on the DEC System-10 disk. The disk requirements are:
® MUXSIM
-  Executive Subsystem, 66 blocks
- Utility Subsystem, 143 blocks
- Static Subsystem, 177 blocks
- Dynamic Subsystem, 124 biocks
@ GASP, 133 blocks

@ A-7D Data Base, 1699 biocks

When operated on DEC System~10, MUXSIM is normally segmented, cnd
requires a partition of 30k 36-bit words for execution. CPU time requirements for typ <l
use of the MUXSIM are difficult to estimate because a typical use of MUXSIM is difficult
to define; however, as a guideline, the CPU time requirements for typical simulation

experiments (discussed subsequently in Section 1V) are shown in Tukle 11,

et




Table 1. SIMULATION EXPERIMENT RESOURCE REQUIREMENTS

Experiment # Experiment Name CPU Time Requircd (Min)
1 Bus Loading vs. Bus Command and 20.7
Control Schemes
2 Bus Loading vs. Bus Speed 10.4
3 Controller Loading vs. Bus Loading 10.4
4 Impact of Command and Control 6.6

Uncertainties on the Periodicity of the
Fundamental Update Interval Starts

From the data in Table H, the typical costs of a simulation experiment may
be estimated. For example, if we assume a cost of $8/min for DEC System-10 time, then
the computer costs of the four experiments in question are about $165, $83, $33, and
53, respectively. These cost estimates are made for illustrative purposes only, and
show that typical MUXSIM run costs are probably not excessive. Actual costs depend
on the particular computer system accounting practices employed for the MUXSIM host
system. They canof course vary widely. More details of inferest in an operational view of
MUXSIM may be found in the MUXSIM System Modification Design Data Morwal (ref. 2).

As was mentioned earlier, a batch version of MUXSIM now exists which runs
on the Harris Datacraft 6024/5. Thisisc moderate~size minicomputer system which
includes 32k 24-bir words of core und a disk. The existence of this batch version shows
that MUXSIM can be tailored to run on a fairly small computer system; however, since
this version of MUXSIM is simply a byproduct of the MUXSIM development process and
not a contractual end item, it is not presently described in available MUXSIM documen-

tation.
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MUXSIM BZNEFITS

s INTRODUCTION

The main purpose of this section is to attempt fo answer the question,
"OF what velue is MUXSIM?", both briefly and substantively. This is done by
St sunwnarizing the general benefifs, and then describing four specific simuia-
{ion experiments that have been run using MUXSIM, together with their results.

2 GENERAL BENEFITS

MUXSIM is mainly intended as a multiplex system designer's analysis
tool. Specific examples of how MUXSIM can be helpful are provided in the fol-
lowing paragraphs.

In addirion to its analysis roie, MUXSIM can also be helpful in

production and software stages of a multiplex system development. This is be-
cause several of its outputs are in such ¢ form as to be directly usable as the
multiplex system design moves toward these later stages. For fPe most port these
ourpu.s are helpful because without MUXSIM they would have to be produced
by tedious and error~prone manual means, whereas MUXSIM generares them auto-
maticolly. The remote terminal wiring st is an exomple of one such outpul;
multiplex system bit, word, and message maps are other examples. In the former
ccse, it is o necessary step in the production process to assure that each signai
which is an output from one terminal is an input to another, and vice versa,
While this is @ conceptually simple signa! accounting task, it is very tedious to
perform monuoily in the latter case, where the r'.u-hpiex system is of the time-
division-multiplex (TDM) type, it is necessary to know which signals are ass‘cneo
‘o each field and which words are in each message in order to wrife or medi-
multinlex system software. This, too, is a conceptually simple task, but tedicus
to perforni monually. (Note: In the A=7D signal flow list, there are 2650 signals,
--m' this u moderate-size signal flow list as airerafi multiplex systems go. Sone

irge aircraft have a signal flow list of 13,000 signals.)

3 SAMPLE SIMULATION EXPERIMENTS
Far nresent purposes, @ MUXSIM simulation experinant mecns "o

pianned sequence of MUXSIM runs intenced to provide answers fo one or more
significant questions posed by a multiplex system designer." The ease and

17
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accuracy with which MUXSIM can be applied in obtaining answers to typical sig-
nificant questions is a true measure of MUXSIM's effectiveness.

As contractually defined, the overall MUXSIM design, development
and verification effort did not provide funding or time for o significant MUXSIM
operational effectiveness evaluation. (This work is under way as part of contract
F33615-76-C-1099.) However, as part of the MUXSIM verification efforts, several
sample simulation experiments were performed which illustrate typical results which
can be easily attained by the MUXSIM Basic User. Four such experiments, together
with their results, are briefly summarized below. Three of them use static models,
while the fourth uses one of the dynamic models provided.

a. Experiment 1 - Bus Loading Versus Bus Command and Control
Schemes.

in this experiment, it was assumed that the multiplex system
designer wishes to know which is the best bus command and control scheme for
a given bus workload. He also wishes t~. know how much better one scheme is
than another. For example, if a simple scheme is nearly as good as a more
complex one, it may be preferable to use the simple one because it may be
considerably less expensive to implement.

The present MUXSIM implementation consists of eight static
models which represent eight different bus command and control schemes. This
implementation covers c wide variety of configurations applicable to TDM systems,
ranging from completely centralized (terminal-to-central-to-terminal) to com-
pletely distributed (direct terminal-to-terminal), and includes a number of hybrid
combinations of both. Figure 2 indicates the results of an experiment run using
the A-7D data base, which is being used to verify MUXSIM.

b. Experiment 2 - Bus Loading Versus Bus Speed.

This experiment assumed that the multiplex system designer
wishes to explore details of suspected bus saturation effects. These effects take
place I~ *he vicinity of, or close to, 100 percent bus loading. The presence of
saturat  implies that for practical purposes a certain percent of the apparent
bus capacities are unusable for the given bus scheduling algorithm. To investigate
these saturation effects, bus speed is systematically varied while the bus work-
load and command cnd control schemes are held constant. (This is analogous to
expanding the worklioad.)

The final results for the saturation experiment, which used a
binary matrix scheduler, show that several fundamental update intervals within
the given major frame become saturated at 92.9 percent overall bus looding for
the particulor implementation tested.
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Figure 2. Bus Loading Versus Bus Command and Control Schemes
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c. Experiment 3 - Controiler Loading Versus Bus Loading.

In this experiment it was assumed that the multiplex system de-
signer wishes to explore the impact of high bus loading on controller loading. He
suspects that os bus loading increases, the controlier may have to work harder in
order to implement the given fixed command and control algorithm, As in the
preceding experiment, bus loading is increased by decreasing bus speed while
maintaining constant workload and bus command and control scheme. The con-
troller loading is measured, for this experiment, by counting the number of dif-
ferent message group sequences that must be handied by the controller as the
bus load is varied. The results of this experiment are given in Figure 3.

d. Experiment 4 - impact of Command and Control Uncertainties
on the Periodicity of the Fundamentcl Update Interval Starts.

This experiment invoived the use of a GASP-based dynamic
model. The resuits are illustrated by a GASP histogram plot. For this experi-
ment, a bus load which consisted primarily of the periodic messages plus back -
ground demand messages, and a command and control scheme which consisted
of addressing o terminal and waiting for o terminal to respond, were assumed.
The delays in terminal response couid conceivably cause the start of an update
interval to be delayed until @ response is received from a terminal. The
response time variations cre attributed to several factors, including clock varia-
tion and problem-caused variations such as failures of the response mechanism,
whereas the bus controller has to await the timing out of a watchdog timer,
which disables the terminal from responding, before the bus controlier is
free to proceed. This delay can cause the scheduled start time for the next
message to be delayed, thereby impacting the start of the next update cycle
or fundamental update interval. Should this happen, it delays the start of
every message in that interval by that amount.

The histogram in Figure 4 shows statistics of the update inter-
val start time jitter (expressed in fractions of the update interval duration)
measured while running this particular experiment,

4. CONCLUSIONS

in summary, it was stated that MUXSIM in its present form can
provide immediate and significant benefits to both the multiplex system designer
and to associated personnel, who may be production engineers or software de-
velopers. Also, four specific simulation experiments were described together
with results to iliustrate some particular simulation experiments that can be
easily performed by o MUXSIM Basic User. Although these experiments are
thought to be typical of those likely to be performed by a multiplex system
designer, no extensive analyses were made of the results, and no hard con-
clusions regarding multiplex systems being simulated could be drawn. The
phenomena explored included bus looding and saturation effects, and the
impact of redundancy management schemes.
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SECTION V
MUXSIM USE

ke INTRCDUCTION |

This section is primarily addressed to the two questions, "How is MUXSIM

used 7 und "Whot are MUXSIM use costs?", for the typical Basic User, The first ques-
tion was briefly treated in Section iHI{MUXSIM Description); here it is covered in some-

, » .t -t ' . - gor AN : ¢ P

what more derail. The second question is partially answered by reference to computer
. { oy 1 } ral . r - . | SIS - 2 - e 245 P,

fesource cosfs associares with the conduct et fne Tour simuarion experimenis discussed

Section IV, where the question was treated briefly.

N

: USER TYPES

As was noted eariier, there are two main types of MUXSIM user: ‘he Basic
User and the Advanced User, The former uses MUXSIM essentially as is ond relies pri-
marily on the MUXSIM User's Manual, together with the built-in coaching feafures of
the MUXSIM Executive, in crder to conduct his simuiation exercises. The latter requires
a more detailed knowledge of MUXSIM software. Therefore, he generclly requires in-
formation found in the MUXSIM System Modification Design Data Manual. He may o
require knowledge of Fortran, GASP, and/or TOPS-10, depending on the type of
SIM use he has in mind, Boih types of user are assumed to be faiiiar with tne <1o
of multiplex system design. This section summarizes the needs and procedures ¢f ine

MUXSIM Basic User, while Section VI summorizes needs und procedures of the Advarc:

res o
User. ﬁ

3. TYPICAL MUXSIM USE

{o discuss how MUXSIM is typically used, it is first necessary to define
tynical MUXSIM use. For present purposes, we assume that a typical MUXSIM use i
the conduc: of a simulation experiment such as described by the flow chari of Figure 5
Given this flow chart, the Basic User may be defined more precisely as orie who norma
uses all of the blocks shown except Biock 6.

4, BASIC MUXSIM USE

The starting point for any employment of MUXSIM, whether by the Basic
User or Advanced User, is the determination of the multiplex sysrem design questior
which an answer is desired. Depending on what this question is, MUXSIM may or muy
not be applicable. (Here, "appliccble” means that MUXSIM can be either directly used
without modification, or that the required MUXSIM modifications are comoctible with
ine user's time and budget constraints), if MUXSIM is nor applicable, then some cine
analysis technique must be selected and used in order to answer the question. Blocks -,
2 and 3 of the flow chart are concerned with these matters, ond at present oll fhe sfen
involved are conducted manually. The user must be sufficiently cognizant of the nc
and structure of MUXSIM to carry out the sieps satisfactorily.
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Figure 5

Typical MUXSIM Use ~ Conduct of a Simulation Experiment
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Block 4 involves the planning of the simulation experiments. For the most
port, the detailed steps required are similar o those needed in the planning of any sci-
antific experiment, whether it be simulation, physical, or other, Typical considerations
include preparation of inpuis, provision fer outputs, length of time required for the ex-
neriment, statisticel validiiy, errors introduced by insfruments, efc. These subjects will

not be covered in detai! here -~ suffice it to say that, for this typical use, the MUXSIM
iser s expected 10 nave a bosic understanding of the scientific method and an ability to
map ncaul good experimental practice into the MUXSIM context. Like the other blocks

discussed atove, Block 4 is mainly implemented by manual means.

Blecks 7. 8, 2, and 10 in the simulation experiment fiow chart are those
which are mainly mechanized by MUXSIM, 1t is here that the four major MUXSIM sub-
systems (Utility, Static, Dynamic, and Executive) come into play. Briefly, the Utility
subsystem provides @ iibrary of preprepared workloads and « set of aidsfor workload develon-
men® and modification; the Static subsysiem provides a library of osreprepared “steady-
state” multiplex system models; the Dynamic subsystem provides preprepared stochastic
medels; and the Exacutive subsystem controls operations of the ofther subsysrems while aiso
providing powerful coaching features for the user if he selects this option. It is largely
this collection of MUXSIM features which substantiates the claim that, for the Basic User,
MUXSIM is, indeed, "easy to use.” Those who have used any modern computer time-
sharing system will rcodily understand the general nature of these MUXSIM user-orientsd
features. Their deiails and specifics are given in the MUXSIM User’s Manual and cre o1
repeated in this Final Report.

Block 10 of the flaw chart is largely accomplished by manual mecns, 1t is at
this point in a simulation experiment that the Bosic User decides whether or not he has
sufficient data, whether the data he has seems credible, etc. For example, if
the output date to plot a curve (of the results of the simulation experiments discussed
eariier), he may find it necessary fo obtain additional data points to better disploy the
shape of the curve, especiaily for its critical regions. Finally, block 11 is where the
experimenter atterapts to puil together all simulation results in order to drow ¢ conclusior
and (hopefully) to either answer or shed light on his original question. This, foo, is
largely a manual operation at present.

ho & Ing
he is using

COSTS OF MUXSIM USE

W

Although simulation can produce interesting and useful results, it is not un-
common to find inappropriate uses of simulotors wherein trivial results are generated af
substantial computer costs, or where useful results are produced but at very high compute
costs. An exomple of the latter could be the estimation of muitiplex bus bit error ra ..
via simulation; in this case, the desired estimates might be obtained after much computei
number crunching, while estimates of comparable accuracy could hove been obtained by
ather means (e.g., by manual analysis or by breadboard techiijues) ot considerably
lower cosfs.
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In the specification and design of MUXSIM, a strong effort was made to
avoid its use in areas of predictable low cost-effaectiveness. |t is hoped that, for the
most part, this effort has been successful; however, the overall cost-effectiveness of
MUXSIM cannot be rigorously demonstrated without a significant operational evaluation
effort. This has not yet been completed. Therefore, the best that can be done at this
point is to show some indications of MUXSIM cost-effectiveness. That is the purpose of
this section.

The method used to obtain these indications was to consider some typical
simulation experiments carried out using MUXSIM, and to estimate the computer costs
associated with running each experiment. These costs may be estimated by measuring
the computer resources used for each experiment, and by assigning costs for these re-
sources using costing schemes consistent with industry practice; i.e., by using the "going
rate" for the various computer resources used. The first task is not difficult, since most
operating systems for large computer systems like the DEC System-10 produce computer
resource utilization accounting data as a by-product of normal operations.

Applying this costing methodology to the four simulation experiments de-
scribed earlier, results are as shown in Table Il (Section lll). From this data is may be
inferred that o "typical” MUXSIM simulation experiment has a direct computer resource
cost of about $50-$200 based on experiment run time and CPU cost of $8/min. Of
course, though, this figure will vary widely with computer resource accounting practices
from one host computer system fo another, and so it is useful as a "ball park" estimate only.

6. SUMMARY AND CONCLUSIONS

This section has been concerned with the two questions "How is MUXSIM
used?" and "What are MUXSIM use costs?", for the typical Basic User. In order to get
at the answer to these questions, a typical MUXSIM use was defined by a flow chart
which covers the case of aroutine simulation experiment. The flow chart serves to show
the simulation experiment as a whole; it also shows specifically how and where MUXSIM
aids in the conduct of the experiment, Certain steps must be accomplished manualiy.
Examination of some of these steps serves to show what requirements are placed on the
user in order for him to use MUXSIM effectively.

Costs of "typical” simulation experiments are estimated by conventional
means, and found ro be $50-$200 for the simulation experiments 1 through 4 described
in Section V. These estimates are intended to be considered as "ball park" figures
only, since the costs will vary with different simulation experiments and with different
computer resource accounting methods. The cost-effectiveness of MUXSIM is not,
therefore, rigorously demonstrated by this analysis effort; rather, it is shown that costs
of certain simulation experiments felt to be typical are not excessive.

In conclusion, results of the analysis efforts reported here indicate that
MUXSIM should be both easy to use and cost-effective for the Basic User. However,

firm conclusions on this matter must await ¢ more complete MUXSIM operational evalu~
ation,
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SECTION Vi

MUXSIM MODIFICATION

The Advanced User may wish to modify MUXSIM by alteration or addifion of
Static and Dynamic models and in many other possible ways. In addition, others may
wish to modify MUXSIM fo: various reasons; for example, it may be desired to move MUX~
SIM fo a new host system, fo enhance MUXSIM with features conceptually defined but not
yet implemented, to add more coaching features to the Executive, to decrease MUXSIM
run times by funing operations, ete. For those wishing to modify MUXSIM for any reason,
the MUXSIM System Modification Design Data Manual is the primary source of informa-
tion.

A MUXSIM modification may be very easy or quite difficult, depending on
the type desired. Factors tending to make the modification easier include the following:

e MUXSIM is implemented almost entirely in Fortran IV and GASP.

e MUXSIM is implemented in modular fashion, with relatively clean
intermodule interfaces.

e MUXSIM is well documented in the System Modification Design
Data Manual.

However, certain modifications, such as those needed to move MUXSIM to
another host computer system, can be fairly complex since portions of MUXSIM (mainly
the “"user-convenience" software) are operating system~-dependent. This is because, to
reduce MUXSIM development costs, certain MUXSIM functions are implemented using
TOPS-10 (the DEC System-10 operating system in use at AFAL) instead of making MUX-
SiM completely seif-contained. Thus, when MUXSIM is moved to a new operating sys-
tem, these functions must be re-implemented either as part of MUXSIM itself or through
the use of suitable functions of the new operating system.

Whatever the MUXSIM modification desired, the information necessary to
perform it is contained in the MUXSIM System Modification Design Data Manuel, which
includes sections orr MUXSIM architecture, components, modification, and installation.
It also contains the MUXSIM functionai specification.

Recomrended Procedures for certain specific types of medificarions are
given explicitly, while for other types the modifier must plan his own procedures. The
reader interested in details concerning this subject is referred to the System Modification
Design Data Manucl for further information.

2




2

P o

T

k
2
3

e,

SECTION Vi

MUX5IM HISTORY

1 OVERVIEW

! " ¥V LY

MUXSIM history is covered in detail in Appendices A ard B of this resort

the MUXSIM design and davelopment effort has been u three~-phase, 31-mon! th effort. Th
|

nhases ore discussed separately in the following subsections.

Z M‘J)\S WA PHASE | ~ DLriN[x.\Jl\'

Phase | was o definition study which cddressed the design alternatives for a
multiplex system simulator gc,:u‘r le of pe'm.,.zr the evaluafion of data tronsfer concepts
and techniques. 1 culminated in a two-volume Interim Technical Report (Ref. 5) which
descrives the elements of air vehicle mulhp._x systems and the concepfs requirecd to simu~
late them. The referenced report contains three main sections, embodying coverage of
multiplex systems analysis, simulator inputs/outputs and variables, ond simulator construc-
tion methods,

The most significant q; estion arising during Phase | involved the clear def”

A * | =
T 1

it was r.:onduceJ that, for maxi r'ur y

tion of simulator eutputs. In the s
benefits, MUXSIM should be <
in the multiplex system design .,de MUXSIM outputs were sele cteo sc as to be com-
patible with that design objective. Other Phase | recommendations based on the study

results were as follows:

o Certain aspects of multipiex system design are best handled on an
anaiytic basis. These inciude bus-related matters such as bi: error
rate, impedance matching and transmission line problems, TOM vs
FDM trade-off studies, etc. Although computer programs can be val-
ucble in support of such studies, it was recommended that such pro-
grams not be made part of MUXSIM initially in order to avoid the
oroblems of excessive simulator run times ond excessive simulator size
and development costs.,

e To reduce MUXSIM initial development costs and feociiitate later
changes, the highest level implementation language feacible should be
used, Specifically, GASP and/or Fortran should be used as primary
implementation languages for this simulator.

e The test-bed mode of MUXSIM operation, with its real=time implica-
tions, should be considered as separate from and independent of other
modes of operation,

- o] ® ] [ er
coidingly, the purpose of this section is fo give on yuk'.l(‘f\. mmary of that history. Cuerc
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e The non-test bed portion of MUXSIM should be considered mainly as
software, with littie or no special hardware required.

e To ensure MUXSIM feasibility and relevance, MUXSIM specifications
should be developed in paralle! with a small-scale simulation exercise
to model and simulate those areas of the B-1 EMUX System which have
in hindsight caused the most design problems, and wherein early simula-
tion could apparently have done the most to alleviate those problems,
An example of such a problem area is that of redundancy management.
MUXSIM specifications should be developed in part by generalization
of the small-scaie simulation mode! developed for the B-1 EMUX analysis,

e  The MUXSIM project shou!d be continued through specification and pro~ |
totype development phases, because there is strong evidence that MUX-
SIM can be a very powerfui and cost-effective design tool.

More details regarding specific Phase | study methodology, results, and con-
clusions may be found in Appendix A and in Reference 5.

3. MUXSIM PHASE il DESIGN .

Phase Il was a follow-on study ieading to the functional design and specifica
tion of MUXSIM. Results, conclusions, and recommendations of that study are contained
in the four-volume Second Interim Technical Report (Ref. 6). A condensed and revised
version of that report is included in Appendix A to this report.

The main objective of the MUXSIM Phase Il study was the specification of
MUXSIM design, together with a discussion of the design features and rationale. The re-
sulting design was consistent with the results and recommendations of the Phase | study
without any major differences, except that DAIS was used as the object of a small-scale
probe-coding exercise instead of B-1 EMUX.

A major MUXSIM design goal was cost~effectiveness. Thic was oursued, in
general, by attempting fo keep MUXSIM development and use costs low while maximiz-
ing use benefits. The attempt to maximize benefits involved primarily a continuing em-

. = y
i phasis on MUXSIM focus and scope, realism, ease of use, and flexibiiity. Substantially,
& this meant:
f 1. Focus on those practical and important multiplex system design questions
L which must be answered early in the multiplex system design cycle.
' 2. Focus on design questions which are best answered by simulation.
3. Emphasis on real multiplex system workloads.,
2

v
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single most impaiton or in maximizing MUXSIM benefits was the heavy involve~
'ment 'n MUXS'M design of experienced multiplex system design engineers who were very

familiar vith what design questions must be answered earliest

, which are the mes! impor-
tant, and which cannat Le answered easily by other available teois and fechniques.

velopment und use costs invoived a
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language (e.g., by :I'u_ use of Fertran).,

rare develog

o Keeping softw i costs down by @ : invention of
the wheel" (e.g., by use of GASP for deveiopment of dynamic simula-
tion models

o Keeping software development costs down {and flexibility up) by use of
moduiar software,

e Keeping soliware deveiopment costs down by maximum use of tuncrions
provided by tne hast system's operating system
a 58 COSsH nat as
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menticned eariicr).
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o Kea ,r. ng use costs dowr )/ making MUXSIM interaciive with extensive

coachi w~4 ectures (this cuts down significantly on user training costs and
on user time, but not necessarily on compufer tin nents of use

cost},
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4. MUXSIM PHASE il - IMPLEMENTATION AND VERIFICATION

Phase |1l was the actual implementction and verification phase of MUXSIM. It

has resulted in an operational version of MUXSIM, together with all required supporting
documentation. The latter includes this Report as well as the MUXSIM User's Manual and
the MUXSIM System Modification Design Data Manual. A GASP IV Manual (ref. 4) is

also needed. (This GASP IV manual is available from almost any good technical bookstore. )
Since a detailed report on MUXSIM Phase Il is included as Appendix B to this Report, only
o summary and highlights of it are given here.

For the most part, MUXSIM was implemented and verified accerding fo the
specifications and plans set forth as the outpu's of Phase Il of the Study. The two main
changes to the original specifications were the following:

1. The MUXSIM host system was redesignated to the DEC
System-10 instead of tne originally planned PDP~1 1/45.

2. A number of MUXSIM output formats were changed so as
to be more user-oriented than those originally picnned.

The first-mentioned change required some MUXSIM redesign because parts
of MUXSIM (mainly the "convenience" sofrware) are operating system-dependent. The
second-mentioned change entailed mainly the addition of dictionaries to allow MUXSIM
outputs to be more in text form and less in terms of numbers.

As now implemented, MUXSIM comprises four major subsystems: the Utility,
the Sratic, the Dynamic, and the Executive. These subsystems are in turn divided into
programs, then subprograms, and finally info subroutines or modules. Most code is
writien in Fortran, but some is in GASP, and the Executive makes some use of the TOPS~10
control statements. For development purposes, code testing was done at the module level;
but for MUXSIM verification purposes, testing was done at a program levei. As was nofed
earlier, four small simulation experiments were conducted as part of the MUXSIM verifi-
cation effort. All necessary details regarding MUXSIM as implemented may be found in
the MUXSIM System Modification Design Data Manual, while design rationale will be
found in Appendixes A and B to this report as well as in References 5 and 6.
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SECTION Vil
SECTION Vil

MUXSIM FUTURE

This section = concerited f:i.‘r;' with the question "VWhere should for might)
U nz‘icm, some Harris opinions on the matter cre
“reas where MUXSIM improvements or enhance-
are derived from Harris' experiences in the im-

MUXITM from here?" Intr "*.mq thi

preseniec, togeiner viiin a lis

ments might now be desiraple.

pler rerifice 1, an ,'cr:.-'.".o*:l use of MUXSIM,
To review the situation briefly, MUXSIM is a muitipiexer system designer's

f')oi which nas been desi implemented, and verified; but it is o foc! which has not
tet

} P ol - ey ® ik
yot been extensively fested through orh al use. 1herefore, it is Harris

opinion that the

next logicai step i the operational evaluation of MUXSIM, ond ‘het such an evoluation will
provide the best possible source of inputs regarding needed improvements and enhancements,
if any.

Harris Lo'? ves stron g y that in the case of a fool such as MUXSIM,

evolutionary improvements oased soi xol/ on its use history are the best kind. It is
noteworthy thaf a nuniber of sessful, modern software simulation packages have
been developed by this roui-e, SMSCK""' GASP, and GPSS are cases in point.

Although real use generally is the best source of information on MUXSIM

development enhancements that may be needed, there are some areas where fhe need
f"r *urfhc' dP\’C*:"""‘(_":i"? is already quite clear. For example, o larger workloed library
‘ s require no changes fo MUXSIM

§ . 4y sevd ecnn ha o . ~
etul results tnot can be derivec

s?.u~;r=.. e, ‘md f": ned

from MUXSIM.

|

Other specific pt,ss"“i'r:‘lc for MUXSIM
as Harris took MUXSIM through implementation and verification stages, inciude

which emergea

the following:

® Use of a graphics terminal to aid in remote terminal assignments, |
|
@ Betier integration of MUXSIM dynamic modeis wiin real world data
- ol |
bases _worxionr;s’. |
® Further growth of dynamic models; e.g., to ailow direci investigation

of multiplex processor and bus conirolier loading phenomena.
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. Further development of static models to allow study of muitiple bus
and multi-line bus configurations.

Many other possibilities could be mentioned in addition to the above. How-
ever, consistent with the view that further development needs are best established through
real use experience, Harris recommends implementation of them on an "as need" basis.
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SECTICN IX

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

This Report has covered the design, development, implementation, and
verification of a multiplex system simulator called MUXSIM. MUXSIM is intended as a
multiplex system designer's analysis tool, to be used primarily in the early stages of a
multiplex system development cycle. As an analysis tool, it was intended to be easy to
use, flexible, and productive of meaningfu! and credible results. Above all, it was in-
tenced to be cosi-effective.

Following the Introduction, this Report has included sections covering MUX-
SIM purpose, description, benefits, use, modificatrion, history, and its future. In all
cases, the coverage has been in summary fashion with supporting details left either for the
Appendixes or for two other study-generated docuinents, namely, the MUXSIM User's ;
Manual and the MUXSIM System Modification Design Data Manual, |

The main overall conclusions are that MUXSIM was built per spec, its correct
functional operation has been verified, and it is thought to be cost-effective. It is obvi-
ously neither a perfect tool nor as complete as it might be, but it is designed to be flex~
ible so as to aliow for easy modification and/or growth.

The best recommendation that Harris makes at this time is that further
operational evaluation of MUXSIM be conducted; i.e., that it be put to the test in a
real multiplex system design context. Hopefully, such a test will reveal that MUXSIM
is fruly useful and beneficial. Also, such a test is viewed as the best possible source of
inputs for further MUXSIM development needs.




——

APPENDIX A

MUXSIM DEFINITION AND DESIGN

PHASE | AND PHASE 1l REPORT
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INTRODUCTION

The purpose of this appendix is fo provide supporting defail regarding pro-
cedures, results, and rationale rclated to (he definition and design phases of MUXSIM
development. Most of the data contained herein was obrained by the editing and
reorganization of data contained in the Phase i and Phase {1 Interim Reports (references
5 and 6). The interested reader can find cdditional information on these subjects in
those two reports. The areas primarily supporied by deiails in this appendix are MUXSIM
Description and MUXSIM History .

The remainder of this appendix is divided into five sections. Section |l
covers the overall MUXSIM development nlan, including its relation to specific state~
ment of work tasks. Section il covers Phase | (MUXSIM Definition), and includes details
on the what and why of MUX3IM description from a functional or user's viewpoint, Sec-
tion IV covers Phase 1l (MUXSIM Design), and irciudes details on the what and why of
MUXSIM description from @ logical or implementer’s viewpoint. Both Sections Il and IV
contain historical information as appropricie, mainly concerning how the particular de-
scription in question was obtained. Finsily, Section V provides a summary and conclu-
sions for the MUXSIM Definiticn and Design phoses.
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SECTION i

MUXSIM DEVELOPMENT PLAN

To pul this appendix in perspective, the overall MUXSIM development plan
is chown 1+ bubble chart form in Figure A~1. As has been roted previously, this oppen-
dix contcin, details of the what, why, and how of Phases | and Il only. Appendix B
Jives o simiiar rreaiment of Phase 1ll, while Phase IV has not yet been accomplished. In
addition to identifyiag the phases and their sequence, Figure A-1 shows the principc!

: : S R P,
outputs O eacn I'nase.

A Statement of Work (SOW) was used by Harris as a guide in carrying out
the davelopment plan. Altogether, eleven SOW tasks were defined ond executed in
the course of MUXSIM development. These tasks are identified and their relations to
the MUXSIM phases are shown by Table A-1 and Figure A-2.

Details of the what, why, and how of the MUXSIM definition and design
phases are given in the next two sections.
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PHASE 1
DEFINITION PHASE

PHASE ?
DESIGN PHASE
N\

PHASE 3
IMPLEMENTATION PHASE

Figure A-2,

i i ———— et . e

2

1 START

FORMALIZE THE MULTIPLEX SYSTEM
DESIGN PROCESS (IDENTIFY KEY
DESIGN QUESTIONS)

i
Y

IDENTIFY MULTIPLEX SYSTEM DESIGN
QUESTIONS FOR WHICH SIMULATION

IS THE MOST COST/EFFECTIVE
ANALYSIS TOOL

b — -

a

—pd-

PERFORM FUNCTIONAL DESIGN OF A
MULTIPLEX SYSTEM SIMULATOR WHICH
WILL BE EFFECTIVE IN ANSWERING THE
QUESTIONS POSED IN 2 (ABOVE)

v

PERFORM DETAIL DESIGN OF
MULTIPLEX SYSTEM SIMULATOR
DESCRIBED IN 3(ABOVE)

Y

PERFORM SOFTWARE SYSTEM DESIGN
OF SIMULATOR DESCRIBED IN 3
(ABOVE)

|
i

oy Lam

PERFORM SOFTWARE DESIGN AND E
IMPLEMENTATION OF RROGRAM |
MODULES DEFINED IN 5 (ABOVE)

A

~ it
—

INTEGRATE THE SOFTWARE SYSTEM
AND VERIFY PER SYSTEM TEST PLAN

2

STOP
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SECTION Lii

PHASE | - MUXSIM DEFINITION

¥, INTRODUCTION

A summary view of the four major task groups which were performed in the
definiticn phase is shown in bubble chart form in Figure A-3. The various bubbles are
anrotated to give some idec of the associated work details involved. A statement of the
genercl goal of the overall development effort is also shown in this figure, together with
a majer criterion applicoble to that goal.

As may be seen from the above, both the goal and ifs major criterion are
guite general. This fact accounts for the major problem in Phase |, which waos to define
the problem. Many possible simulation tools could be defined which satisfy the generc!
goal, and a fairly large subset of these could be cost-effective. The MUXSIM definition
phase can be characterized as a complex multi-stage screening process, the main resuit
of which was the scoping of MUXSIM, Details of the program and its results are given
in the following sections. Each of the task groups shown in Figure A-3 is covered in c
separate section.

& TASK GROUP 1 - FORMALIZE MUX DESIGN PROCESS

if a good multiplex system designer's handbook existed, it would have been
unnecessary to perform this task group; but since one did not exist, its equivalent had to
be created. The results of the pseudo-handbook development effort are contained in fuli
in Volume |1 of the first Interim Report (ref. 5).

First Interim Report - Volume |l is a comprehensive, 118-page document
which includes a complete catalog of the elements of multiplex systems, a general de-
scription of FDM concepts, a description of TDM techniques, and another catalog of
alternative command and control implementations. Although it was created mainly to
provide the background information necessary for simulator definition efforts, it can also
be used on a stand-alone basis to provide insight into information-transfer techniques. in
fact, the document as it now exists could be used as a starting point for the muitiplex sys-
tem designer's handbook mentioned earlier,

To give an idea of the detaiis covered in this document, its Tabie of Contents
is given here as Ficure A-4. As may be seen, there are three main substantive sections,
covering multiplex system considerations, structures, and command and control techniques,
respectively. The first of these includes a catalog of multiplex system considerations, a
condensed version of which is given here as Figure A-5. The catalog is given in outline
form only; no attempt was made to fill in the details.

The bus structures section covers the two most commonly used muitiplexing

techniques, namely Frequency Division Muitiplex (FDM) and Time Division Multip’ex
(TDM). These techiniques are discussed in a tutorial sense to provide the reader with an
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understanding of the problerns which each of them overcomes or creates. Uscge of these
two techniques is generally governed by the following rationale:

o TDM teiminals may all be of identicel design, which is a definite plus
for commonality. However, if one user requires a much higher data
rate then all the others, then a special FDM channe! may be desirable
le.q., a 10-Mbps channe! among a group of 10-kbps channels con-
streins ol! channels to a 10-Mbps receive rate, even though they all
de nor require it).

e TOM terminals work weli af baseband, where the transmission fine [os es
ore lowest. However, equalization and amplification are more easily
achieved in FDM (carrier) systems; therefore, these systems are generally
preferred for long transmission paths and very high data rates.

Finally, the command and control section provides a diagramatic summary of
the fundamental command and conirol relationships applicable to information-transfer
systems. Although some of the schemes described iend themselves more to one multiplex-
ing scheme than another, no attempt is made to catalog on that basis. A special graphi-
cal notation was developed to facilitate description of a wide variety of command and
contro! relationshipns.

in summary, the efforts of Task Group 1 led to the preparation of a siz
document in which comprehensive and detailed information regarding multiplex syste
design is presented in well structured form. It ciearly iliustrates the range of aiccs in
which design decisions must be made, and provides guidelines on the basis of which frede-
offs can be made. However, it does not provide a formal model of the multiplex system
design proce:s which indicates, for excmple, the sequence in which various design deci-
sions should be made. Such o model could serve as the basis for a true "cook bock"
approach to multiplex system design; but it appears that, at present, development of this
type of model is beyond the state-of-the art.

3. TASK GROUP 2 - SIMULATION TECHNOLOGY STUDY

In the case of Task Group 1, the equivalent of a multipiex system designer's
handbook was needed as a starting point for the MUXSIM development. Alio required is
the equivalent of a simulater designer's handbook; and then, given these two items, the
definition of MUXSIM could emerge as a result of various screenings anc tradeoff stucies.

However, whereas the equivalent of o multiplex system designer's hana! sox
had o be created (because an existing one could not be found), the equivelent of ¢
simulator designer's handbook does already exist amidst the voluminous literature on sim-
ulation (books, papers, languages, etc,). Therefore, Tack Group 2 vas easier to perform
than Task Group 1, since it consisted mainly of a screening process on a relativeiy weil-
defined existing base of simulation technology.

s s s 2
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Considering simulation as a whole, it is immediately evident thet the range

of simulator types is very large. For example, simulators can broadly be classified either
by intended usage or by technology, as shown in Figure A-6.

It was assumed during the MUXSIM definition phase that the MUXSIM host

system was to be a DEC PDP-11 multiprocessor system as shown in Figure A-7, with pos-
sible relationships to multiplex system physical components as shown in Figure A-8, It
was further assumed that the desired end product was a simulator which was a cost-effec-
tive multiplex system designer's tool, as indicated in Figure A-3. Therefore, given these
assumptions, it was tentatively concluded that the desired MUXSIM would probably be of
type U2-T1 (see Figure A-6). This conciusion was helpful in restricting the scope of de-
tailed simulation technology investigations.

The principal rationale associated with host-system-related MUXSIM scoping

is as follows. First, the host system is generally viewed as a powerful minicomputer sys-
tem which provides medium-scale computing power at a low price; i.e., ot a price suf-
ficiently low that dedicated use of the system for an application such as MUXSIM is
economically viable. Second, the small word size of the host system processors, together
with their small memories and lower speeds relative to existing larger systems, means

that the use of very large models and powerful simulation languages such as GPSS and
SIMSCRIPT may be undesirable. Also, simulation experiments which entail very signifi-
cant amounts of complex number-crunching are best avoided on such a host system.
Fianlly, the architecture of the host system is such that "foreign" devices can be attached
with relative ease; this is mainly because of the Unibus feature of the system.

In short, the knowledge that MUXSIM had to fit on a minicomputer system

was used in the definition phase to restrict the range of alternative simulator types to be
considered in detail for MUXSIM. Subsequently, in the implementation phase, the
MUXSIM host system was redesignated to be the DEC System=-10, which is a large-scale
computer system, It is noteworthy that MUXSIM as defined to be suitable for minicom-
puter system implementation is also suitable for large system implementation; however,
the converse wouldn't necessarily be true. The main impact of the original host system
assumption was to prevent the definition of MUXSIM as a very large-scale simulator.

With the above in mind, the range of relevant simulation technologies for

immedicte study was narrowed to non-real-time digital simulation of the continuous or
discrete event types, ond in forms suitable for implementation on a minicomputer system.
Continuous simulation is best suited for describing dynamic systems which are generally
characterized by differential equations, while discrete event simulation is best for model-
ing systems which cre characterized by a set of discrete states. In the latter case, the
simulation represenrs system behavior by moving the system from state to state in accord-
ance with well-defined operating rules, aond system state changes depend on the occur-
rence of discrete events; hence the name.

For reasons stated above, it was determined that MUXSIM should probably be

a digital simulator useful as a design too! for the multipiex system designer, and suitable
for implementation on a minicomputer system. Further focus was required beyond this in
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infended Usage

¢ Ul - Personne! training  (e.g., Link frainers for pilot
training, space flight simulotors
for astronaut training)

& U2 - "What if" question answering

Simulator Technology

(e.g., modeis for
answering quesfions
related to opfimal
economic policy
decisions, models

for answering questions
related to optimal
system design)

o T1 - Digital Simulators
o T2 - Andlog Simulators
e T3 - Hybrid Simulators (part digital, part analog)

Figure A=6. Simulator Classifications
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order fo resirict ihe range of simulation technologies to be considered in deteil; and in

sarti~ular the question of the relation of simulctor time to real time had to be considered
in this regard, it was defermined that MUXSIM might well have a real-time mode, whic
sould be usaful in exercising multiplex system components for excmple. However, it wos

also determined that this mede, which was termec the “"test bed" mode, should be defined
separately from the simulator or nen-recl time mode, because in the latter the relation
between raa! and simulated time is of no great consequence. Also, it was decided to con-
sider simulation technalogy for the non-real time mode in detail first,

In summary of the foregoing, in consequence of a logical screen’ng proces: it
waos decided to focus initial detailed simulation tachnology studies in the fol.owing creus:

e Non-real fime
@ Discrete-event
e Suitable for minicomputer implementation

This having been decided, the technology study focused initially on languages
suitable for discrete event simulation, This study was conducted using three different ap-
proaches, namely: (1) an evaluation matrix comparison of discrete event simulation lan-
guages; (2), a benchmark comparison of same; and (3), literature surveys and consuita-
tions with external simulation experts on that subject.

Results of the evaluation matrix comparison are shown in Tables A-il{c)ana a-ille;.
Two tables are required to cover fwo different host computer systems (the DEC PDP-11 and
the DEC System-10). The evaluations matrix is @ convenient way to make o systematic
comparison of languages while considering o number of features, and to develop a ranking
of these languages. However, the approach hos its weaknesses, and in this appiication it
is mainly useful for screening purposes. Results of this exercise indicate the tentctive con-
clusion that Fortran and GASP are the top two choices, whether the planned host system it
the DEC System-10 cr the PDP-11. However, the ranking of other alternative simu‘ation
languages is host sysiem dependent (e.g. APL is ranked gth for the PDP-11, but 4th for the
DEC System--10),

In further evaluation efforts, a benchmark approach was used to compare
Fortran and GPSS in development of a discrete~event-type model of a simpie message
handling system. Re-ults of this exercise are shown in Table A-iil. Only two langucges
were compared using the benchmark approach because of the high cost of using the ap-
proach (i.e., models must be developed, debugged and run in each language being con-
sidered). From this exercise it was concluded that, for models well-suited for the GFSS,
the use of GPSS resu ts in substantial reduction of programming effort and a much smaller
source program, but 't entails the use of much greater computer resources for program
svacution. At the time this exercise was done, it was still assumed thot the MUXSIM host
computer system was to be the PDP-11; and this exercise indicated that GPSS was not a
good simulation language for use with the PDP-11,
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Table A-Il!

FORTRAN VS§. GPSS FOR MESSAGE-HANDLING SYSTEM BENCHMARK

| FORTRAN GPSS

1. Program Name |[ MHS 1 . MHS 3
. 2. Programming Effort (Man-Days) | 2 " i |
! 3. Debugging Effort (Man-Days) l i 1
! 4. Size of Source Program
, (No. of Lines) 330 ' 28
[
i 5. Computer Resource Units (CRU) 3 24
; for computation and execution

Finally, the literature survey/expert consultation approach toward simulation
language evaluation produced several published simulation language inventories and com-
parisons, and revealed a number of interesting details. The main result of the effort was
to strengthen the impression that neither GPSS nor SIMSCRIPT was a good choice of im-
plementation language for MUXSIM, given that the PDP-11 was to be its host system;
but that a Fortran-based discrete event simulation language called GASP was in existence,
well documented, well-supported by an independent software supplier, and well-suited for
implementation in @ minicomputer system. in a crude estimate of simulation language
"power", GASP was found to occupy a position somewhere between GPSS and SIMSCRIPT
(the latter being one of the most powerful discrete event simulation languages available).
In addition to discrete event simulation {anguages, several mature and successful simuic-
tion packages such as SCERT (System and Computer Evaluation and Review Technique)
were examined in some detail as part of the literature survey/expert consultation approach,
but none were found to be directly applicable to MUXSIM.,

in summary, the efforts of Task Group 2 entailed a broad survey of the entire fieic
of simulation technology with particular emohasis on discrete event simuiation {anguages
that were both mature and widely used. From this effort it was tentatively conciuded rhat
MUXSIM should be implemented in Fortran and/or GASP, and should incorporate some of
the good features found in mature and successful simulation packages such as SCERT. Arecs
of simulation technology such as real-time simulation techniques, analog and hybrid simu-
lation, and continuous simulation languages were not examined in detaii pending demori-
stration cf the need for such investigations, In hindsight, it is noteworthy that portions of
MUXSIM have been implemented in a recent version of GAS' called GASP iV, which has
both discrete event and continuous simuiation capabilities. However, the latter have not
yet been used in models impiemented to date.
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4. TASK GROUP 3 - IDENTIFY SIGNIFICANT MUX DESIGN QUESTIONS

The purpose of this fask group wes to idertify those significant muitiplex system
design questions which are best answered by simulotion, In genzral, a design question is
regarded as significans if the cost-effeciiveness of the resultant multiplex system is
strongly affecied by its answzr; and the guestion is best answered by simulation if its

answer cannot be arriver at hetter by some other means available to the multiplex system
desicrer
desicrer,

f1is ideriificetion was mode mainly by o judgmenta! process based on experience
vith multiplex system design and simulation technology generally, and on thz results of
Tasle Groups 1 end 2, specifically. The process is explicitly displayed os a three-phase
screening process in Figure A=9, A major assumption leading to the results of this effort
was that, to ensure moximum benefits to the Air Force from MUXSIM use, MUXSIM shoutd
be applicable at the eariiest possible time in the multipiex system design cycle. Ration-
ale for this assumption is that early MUXSIM applications have the greatest leverage and
the feast costs. It is irve that simulation can be done at almost any stage of the design
cycle, and in fact a hardware prototype can be viewed as a special case of a detailed
design simulation. However, the later in the design cycle that simulation is used, the
graater the cost of simulation model development and the greater the cost of design
changes indicated by simulation results. [f design errors are found too late in a design
cycle, a major desigi change moy be impractical for cost and schedule reasons, and thus
a "band-aid" type fix may be necessary.

Because of this assumption, the focus of MUXSIM was narrowed so as to meke it
applicable meinly o those significant d-cign questions which must be onswered ecarliest.
These are the "big picture" or “systems rype guestions, the answers to which determine
the basic multiplex system architecture. Examples are:

@ What is the required bus speed?
@ What is the bit error rate on the bus?

e Whot

the optimal bus command and control scheme?

P
w

o How mcny times per second should a given bus signal be sampled?

o How mcny terminals wil! be needed?

e What is the maximum accepicbie per unit cost for the multiplex system?
@ Should »us conirol be centralized or distributed?

o  What is the required redundancy, and how should ii Le managed (what is
the required multiplex system MTBF)?

o What is the impect of varying multiplex system MTBF on life cycle costs o @
fighter aircraft?
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e What it the flexibility of a particular multiplea system architecture

;

y can new signels be added, etc.)?

¢ Shouid TDM or FDM be employed?

Questi iike these comprise List T in Figure A-9.

Although the above questions are all significant and asked eorly, not oll cre

=<t answered by simu'ation {(and specifically by simulation on ¢ minicomputer system).

L >
=2 o

For example, severa! creas of multiplex system design are best handled on an analytic
! basis. They include bus-related matters such as bit error rcte, impedance matching and

transmission line problems, TDM vs FDM fradeoff studies, efc. A general rule used in
screening questions was that, if a cost-effective alternative means existed for answering
a given design quesiion adequately, then that question should not be considered a prime
target for MUXSIM, After this second screening, the questions thal remain ore those of
List 2 in Figure A-9. Typical examples are:

i What is the optimal bus command and control scheme?

KX

3 7 AN~ § % T S o2 £ . S s base o A A : o
| >, What is the bus loading for a given bus command ana conifrol scheme :

T T P N R e

o

4, What redundancy is needed, and how is it best mancged

5. What is the best sequence for placing information on the kus for fransfer?
®
L . 6. How many terminals ore needed, and how should signals be allocated to
' % .
T terminals?
ki 7. Should processing copacity be placed in the terminals, ana if so how
- much?
| b=
P 3 8. What is the impact of varying multiplex system MTBF on life cycle costs
P X of a fighter aircraft.

From this it is evident that List 2 can contain questions {e.g., question B)
which are significant and well-answered by simulation, but for which the size or comp e~
ity of the implied models is very areat. Al this point it was recalled that the MUXSIV
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host system is a minicomputer system with limited memory size and processing "horse-
power", and questions inconsistent with these limitations were deleted. This step consti-
tuted Phase three of the three-phase question screening process, and List 3 is the result-
ant list of questions. For economy of description, it is best characterized by the three
screening steps mentioned above, rather than by an explicit question fist.

o TASK GROUP 4 - IDENTIFY MUXSIM FUNCTIONAL REQUIREMENTS

Although the principal functional requirements of MUXSIM are lorgely deter-
mined (albeit indirectly) by the list of primary terget design questions, it was necessary
to proceed further and give explicit requirements for MUXSIM inputs, outputs, variables
of simulation, control mechanisms, etc. These matters are covered in this section, which
presents an integrated functional conceptuai-level description of MUXSIM as o whole.
This is the maojor result of the Task Group 4 effort. The description is that of a fairly
large and comprehensive simulator, but it is not implied that the first version of MUXSIM
built should implement all of it. It is primerily provided by Figures A~10 and A-11, to-
gether with supporting text and other associated figures. Figure A-10 provides a very |
general view of the role of MUXSIM in the ovionics multiplex system design process, ‘
whiie a more detailed functional view is orovided in Figure A-11. These are the key |
figures in this system, and they are referred to often in the discussions that follow. |

a.  MUXSIM Inputs (including Variables of Simulation)

Under the heading of Inputs, the following subjects are covered in the
# ' indicated sections:

L (1)  System and Workload Description Inputs
(@)  Signal Fiow Listing (Level 2)
(b)  Avionics Systems Listing (Level 3)
(c) Air Vehicle Selection (Level 4)
(d)  Simulator Inputs (Level 1)
(e)  "Prediction" and "Growth" Inputs
(f)  Canned !nputs

(2) Simulator Confrol inputs
v (3) Test Bed Inputs

i All these inputs are shown in Figures A-10 and A~11, with the exception of test bed .
: inputs which are treated separately.

« Consider first Figure A-10, and recall that the basic "real worid" problem

; that MUXSIM addresses is that of information transfer. Often the basic problem concerns
some futuristic requirement which is not accurately defined, and which implies require~
ments for growth and flexibility which are subject to judgment or prediction. The infor-
mation characterizing and influencing the information transfer system requirements is that
referred to as "General Inputs” in Figure A-10, That information which describes the
candidate information transfer system which is supposed to meet the information transfer
requirements is referred to as the "Variables of Simulation" in Figure A-10. That infor-
mation which tells the multiplex system designer what he really wants to know, e.g.,

PO
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SIMULATION CONTROLS

CONTROL

_SYSTEM AND WORKLOAD
DESCRIPTIONS INPUTS

Figure A-11,

OPERATOR

PRESENTATION

MUXSIM System - Conceptual Level
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which of several alternative design schemes or techniques best meets the requirements, is
referred to as "Qutputs of the Simulation Experiment.™ It shoula be noted that such in-
fe'mation is not generally the result of a single run or exercising of a single model, but
racher is the result of a number of runs on e multiplicity of modeis, which in the aggre-
gete may be referred to as a "Simulation Experiment, " and which has a different meaning
from a simple simulation. Those languages which assist in the translation from ¢ formal
description of rhe multiplex system and its workload ta a working software model of the
multiplex system, together with the data for driving the model, are referred to as "Simu-
lator tnplementation Languages.” They are usually either general purpose programming
languages or general purpose simulation languages.

Nex* consider Figure A=11. It presents a somewhat different but equiveicnt
view of MUXSIM inputs and outputs. [t provides a more detailed and anaiytic view of
the situation, and more directly supports the discussions in this section. Therefore it
should be regarded as the primary illustration for points made hereinafter.

(1) System and Workload Description Inputs

In order to use MUXSIM in his sy stem design efforts, *he multiplex
svstem designer must ultimately provide precise formal descriptions of both the aiternative
system models he wishes to study and the workloads he wishes to apply to those models.
However, in the course of arriving at this level of description, which is referred to as
Level 1 of the inputs in Figure A-11, he may first work with higher leve! and more in-
direct descriptions of the information transfer problem from which he subsequently d.o ' es
the Level 1 inputs; and this derivation may be by manual, semioutomatic, or avtomar.c
means. These higher level descripticns are referred to as Levels 2, 3, and 4 in Figure
A-11, and in general the higher the level of the input, the more indirect the descripticn
of the information transfer system that it embodies. In fact, o Leve! 4 description moy
indirectly describe the null multiplex system, for it may describe a type of cir vehicle
for which @ multiplex system is not at all feasible. The entire set of hierarchical informa-
tion input levels is essentially defined as an effort to structure the multiplex system design
process in such a way as to focilitate the application of computer-aided design technigues
at different stogesin this process. The blocis shown in Figure A-11 are discussed below
on an individual basis.

(a)  Signal Flow Listing (Level 2)

This level of information inputs is discussed first because it is the
information transfer reguirements for the multiplex system, from which
the Levell inputs must subsequently be derived. The signal flow listing consists of the
individual signcis which carry the information among the systems within the aircraft. The
avionics signal types from which the signal flow listing is derived are shown in Table A=V
The signal flow listing itself contains, for each signal, all pertinent information required
to specify the signal characteristics which cre relevant to the multiplex sy:tem design
problem. it will be available initially in the form of a card deck and will contain the
information shown in Table A-V,

primary source of
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Table A-1V. AVIONICS SIGNAL TYPES

Discrete (single bi-level channel):

Information is in the signal position,

Analog (single continuous channel):

information is in the time duration of the signal.
Information is in the amplitude of the signal.
information is in the amplitude of the modulated signal.

Resoiver (dual continuous channels):

Information is in the amplitude of the two modulated signals.

Synchro (triple continuous channels):

Information is in the amplitude of the three modulated signals.

Paraliel Digitai (multi bi-level channels/time dependent):

information is in the signal position at each channel during a given time interval.

Serial Digital (single bi-level channel/time dependent):

information is in the signal position during a sequential series of time intervals.

Pulse (single channel/time dependent):

Information is contained in the time that the pulse occurs.

Pulse Rate (single channel/time dependent):

Information is contained in the number cf pulses per unit time.




Table A-V. SIGNAL FLOW LISTING INFORMATION

Signal Name

Name assigned to identify the signol.

Mission Phase
Identification, by listing, of the various phases of the mission where this signal
might be used.

Mission Funiction
ldentificotion, by listing, of the major avionic functions of which this signal is a
part (i.e., navigation, communication, etc.).

Origin Location
Identification, by alphanumerics, of the aircraft X, Y, and Z axes of the origin
LRU.

Destination

\dentification, by listing, of the LRU where the signal will termincte.

Destination Location

Identification, by alphanumerics, of the aircraft X, Y, and Z axes of the
destination LRU.

Equotion Number
Identification, by alphanumerics, for signals which originate or are delivered to o
processor (the number of the equation in the computations task description).
(Multiple usage will result in multiple listings under this heading.)

Multiplicity Number

Identification, by numerics, of the total number of destinations for multi~destincticn
signals. The signal listing will be repeated for each usage with the same signal name
and origin, but with a different destination.

Signal Type
Identification, by listing, of the gereral classification of the signal (i.e., discrete,
de, anclog, synchro, etc.).

Frequency Content
Identification (where applicable), by numerics, of the highest frequency in Hz
contained in the informaion portion of the signal; that is, the highest frequency
contained in the equivalent baseband transmission of the signal.

R 2

Update Rate

1 Identification, by numerics, of the number of times per second that the signal
would have to be transmitted or updated in o Time Division Multiplex (TDM)
system to satisfy the user (destination) requirements. Note that this is a function
of particular application and output reconstruction requirements.

5 Quontization (Resolution) Bits
P laentification, by numerics, of the number of signal bits that the particular signal
5 wauld require to pass the information to the user.
5 Delay Sensitivity

Identification (where required), by numerics, of the maximum delay in mifli-
seconds which the signal could tolerate.

Skew Sensit vity

Identification (where required), by numerics, of the maximum skew allowanle as
a function of percent of the update period.
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(b)  Avionics Systems Listing (Level 3)

Similar types of equipment, or subsystems, on board aircraft
generally have the same data requirements. Moreover, these subsystems usually have
their equipment distributed within the same physical areas of their host aircraft (i.e., the
forward-looking radar, flight control system, cockpit and its associated systems, etc.),
A useful input baseline can therefore be compiled by specifying the avionic systems con-
tained in the vehicle.

(¢)  Air Vehicle Selection (Level 4)

Specific classes of aircraft have similar mission requirements and
consequently similar avionics hardware or system requirements. Therefore, an input base-
line can be specified from which an effective signal flow listing can be compiled by simply
specifying the aircraft type. Table A-V| shows a classification of aircraft types which is
1 considered suitable for this application.

(d)  Simulator Inputs (Level 1)

As Figure A-11 shows, there are three different types of Level 1
inputs: “"workload, " "sequencing and control, " and "configuration and error/failure
status." The latter two types comprise the information referred to in Figure A-10 as
"Variables of Simulation, " while the former may be distilled from portions of the informa-
tion referred to in Figure A-10 as "General Inputs.” The MUXSIM user must specify inputs
at Level 1 formally and precisely, because the MUXSIM system itself must translate from
these into object code which constitutes the multiplex system model and its workload;
therefore, ombiguity cannot be tolerated. Our present discussion will cover the contents
of the information at this level, but not its format, since specification of the latter has ;
not yet been done. Format specification is one of the primary tasks remaining in this 4
study.

There is an intimate relationship between Level 2 inputs and

Leve!l 1 inputs because the former represents a rather precise description of the informarion
transfer requirements for which Level 1 inputs are intended to be a system design solution.
From these requirements can be derived, by various means, the description of both can-

. didate multiplex systems and “typical” workloads fo be executed by such sysrems. Figure

! 5 A-11 is intended to show that portions of this derivation can be performed by cutomatic
means, i.e,, with the aid of digital computer programs. Such programs can be referred
to as "simulator input generator" routines. Representative tasks for these routines are:
1) the task of making optimal assignments of signals to remote terminals; ard 2) the tosk

¥ of deriving information traffic statistics which are typical of anticipated real world traf-
fic situations for the multiplex system. The latter tosk is of great importance, because
even a valid model of a multiplex system cannot be used to fully demonstrote adequacy of
the design unless the model is driven by a realistic workload.

At Level 1, "configuration” inputs are those which declare what
the component subsystems of a multiplex system are, while "sequencing and control" in-
puts are those which describe the interconnections and interactions of these subsystems
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Table A-Vi.

Close Air Support

Air Superiority

Interceptor

Bomber/Strategic

Photo Reconnaissance

Surveillance .

Gunship

Countermmeasures
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CLASSIFICATION OF AIRCRAFT TYPES

Day

Night

Night/All weather
Day

Night

Night/All weather
All Weather

Light
Medium

Heavy

Infrared

Electronic
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during actual system operation. In MUXSIM, the.c subsystems and their interactions are
implemented by generalized functions and by the control program which sequences these
functions and provides communications between them. "Error/failure status" inputs are @
special type of configuration inputs which describe the "health" of the component subsys-
tems. Thus, the MUXSIM user may decliare that a certain subsystem has failed or is pro-
ducing intermittent errors, and by running his simulation model in this condition he may
check for adequate redundancy managemen: behavior and for adequate performance in the
presence of errors.

"Workload" inputs are those that describe the input information
flow which it is the job of the multiplex system to manage. Thus, the workload inputs de-
scribe input information traffic scenarios which may vary widely in sophistication from a
simpiistic workload which generally checks for minimal system functioning, to a complex
workload which portrays varying information traffic loads during several phases of a com-
plete aircraft mission. These inputs, like the other Level 1 inputs, must be supplied pre-

cisely and formally in accordance with a specific format which has not yet been developed.

(e)  "Prediction" and "Growth" inputs

As previously discussed, a system is often studied (by the use of
the simulator) in the context of some future application for which the exact requirements
are usually unknown. In such cases, the only factors that might be definable are the air-
craft type and possibly the equipment types that are to be used in the aircraft. Level 3
and Level 4 inputs are intended to be of use here, and they have to be modified to accom-
modate anticipated aircraft systems growrh and expansion requirements. Although the de-
signer's crystal ball is murky, he may have some feel for anticipated future developments
and for trend predictions. These are discussed next.

Anticipated Future Developments

Usually the best information available is that for present equip-
ment. One forecasting approach is to modify such information through engineering judg-
ment on a signal=-by-signal basis. Among the points that need to be considered are future
davelopments resulting from programs concerning integrated Controls and Displays, Digital
Flight Control Systems, ond other such systems. For example, Integrated Controls anc
Display Systems reduce the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>